INTRODUCTION
Aflatoxins are secondary metabolites produced by species of fungi such as Aspergillus flavus and Aspergillus parasiticus. Contamination of crops most commonly occurs during harvest and storage, when damp warm conditions allow the fungi to proliferate [1] . Pre-harvest contamination of crops has also been reported mainly by Aspergillus flavus. They are highly toxic and have been designated by the International Agency for Research on Cancer (IARC) as human carcinogens (Class 1: carcinogenic to humans). High levels of exposure can cause acute hepatic necrosis and death while chronic exposure can cause carcinoma of the liver and possibly also growth impairment in children and compromised immunity [2, 3] . Indeed, outbreaks of acute aflatoxicosis in Kenya in 2004 and 2005 resulted in more than 150 deaths; an expert panel was convened and highlighted four areas for immediate action: i) quantification of health impacts of aflatoxins, ii) intervention research, iii) surveillance and iv) emergency planning for outbreaks [4] . Since that time progress has been made in Kenya, including increasing investment and building new partnerships in research and technology to facilitate aflatoxin control measures.
Aflatoxins can be measured directly in foodstuffs, and human exposure can be assessed at the individual level by measuring aflatoxin-albumin (AF-alb) adducts in blood and in urine. Foods for consumption by humans and animal feed are routinely monitored and strictly regulated for aflatoxin contamination as part of standard food safety practices in most developed countries. In many low and middle income countries, regulations, even if present, are less frequently enforced and food shortages can exacerbate exposure to heavily contaminated products. Despite aflatoxin having a known detrimental effect on human health, information on human exposure and prevention measures are more limited in resource constrained settings, especially in rural areas.
The level of risk of aflatoxin contamination is determined, in large part, by the quality of food drying, storage facilities and services at home and in the market place [5] [6] [7] [8] [9] [10] . Foods stored in damp conditions and/or for prolonged periods of time (usually more than three months) can have increased levels of aflatoxin. In agro-ecological zones where weather conditions are moist, the risk is higher compared to cool dry areas [8, 10] . This is because moist conditions tend to encourage mould formation.
Until recently there was no systematic study that examined levels of aflatoxin in people in rural Uganda. Working within an established rural population cohort in southern central Uganda, Asiki and colleagues [1] and Kang and colleagues [11] demonstrated that exposure to aflatoxins was ubiquitous and that a significant proportion of people tested had relatively high levels, similar to those found in other settings in Africa. Furthermore, levels of aflatoxin had not changed significantly over the two decades for which data were available. This suggests that there is a need for intervention studies in this setting aimed at reducing levels of contamination of foodstuffs.
Potentially, there are a number of ways to reduce human consumption of aflatoxin, both pre-and post-harvest (primary prevention). Aspergillus spp. infects crops as they grow and aflatoxin accumulates after crop harvest when storage conditions are inadequate.
Instigating practical and sustainable interventions that focus on the timing of harvest, crop drying and storage, processing and cooking may reduce aflatoxin levels [3] . In 2005, Turner and colleagues published the results of an intervention to reduce human aflatoxin exposure by introducing simple, low-technology post-harvest measures to reduce contamination of groundnuts [12] . Using a randomized community-based intervention trial in Guinea [12] , the researchers demonstrated substantial reductions in aflatoxin exposure (as measured in serum), but the reproducibility and sustainability of the findings has yet to be established in different settings. The authors had previously demonstrated that the main route of exposure to aflatoxin was in groundnuts [13] ; in other settings, however, there may be multiple sources of exposure.
Since many rural livelihoods in sub-Saharan African countries depend, to a greater or lesser extent, on subsistence production of crops such as maize [14, 15] , it is important to understand the specific sources of aflatoxin exposure across diverse environments, in order to target adequately potential interventions. In Uganda, contamination by aflatoxin of many staple foods, including maize, cassava, groundnuts and locally manufactured baby foods (including baby soya and rice porridge) has been reported [8, [16] [17] [18] [19] . Similarly, elsewhere in Africa, Atehnkeng and colleagues [20] reported contamination of maize in three agro-ecological zones in Nigeria. In western Kenya, Mutegi and colleagues [9] showed that the most aflatoxin-contaminated foods were groundnut-based and that this compromised food quality for many households. In Cameroon, the risk of contamination by aflatoxin was found in cassava [6] . Brewing alcohol can also be risky because it offers favourable conditions for the growth of fungus which produce aflatoxins. Millet, sorghum and maize are commonly used for alcohol production and the brews are a result of mixed-culture fermentation, a process which continues up to the point of consumption [21] .
This highlights that any interventions to reduce aflatoxin exposure need to be both evidence-based and context-specific within a particular community setting, or within the wider population. For example, the relative proportion of different foodstuffs within a diet that is grown locally for personal consumption, or imported and purchased from elsewhere, may vary across communities. Furthermore, locally produced foodstuffs, such as maize, may be milled in local mills in combination with produce from other farmers, which could result in contamination of the final milled product.
With a view to planning an intervention to reduce aflatoxin exposure in a rural Ugandan community, an analysis of both quantitative and qualitative data was conducted from a study examining cropping patterns, sale, purchase and consumption of foodstuffs, conducted within the same population as that studied by Asiki and colleagues [1] and Kang and colleagues [11] .
The purpose of this paper is to provide an overview of the farming context in which aflatoxin contamination and the consumption of products affected by aflatoxin may occur, in order to highlight some of the challenges that interventions designed to address aflatoxin exposure may face in such settings.
MATERIALS AND METHODS
This study of agricultural practice and household consumption of foodstuffs was conducted within the context of an existing population-based cohort study, the General Population Cohort (GPC) [22] . This cohort was originally established in 1989, by the UK Medical Research Council (MRC) and the Uganda Virus Research Institute (UVRI), in Kalungu District, southern-central Uganda, to examine prevalence, incidence, risk factors and trends of infection with the human immunodeficiency virus (HIV) in a rural African population [22, 23] . More recently, research activity has broadened to include the epidemiology and genetics of other communicable and of non-communicable diseases (NCDs), including cancer, cardio-vascular disease and diabetes [24] .
In brief, the GPC is a community-based open cohort study of residents of neighbouring villages within a sub-county, lying about 40km from the shores of Lake Victoria. The population is scattered across the county-side in villages defined by administrative boundaries with a few concentrated in small trading centres [22] . A population of approximately 10,000 people in a cluster of 15 villages was studied from 1989 to 1999. In 2000 the GPC was expanded to cover a further 10 villages [1] . The cohort is dynamic with new births, deaths and migration reported at each round of follow-up and the population under survey includes approximately 22,000 people [1] . Data are collected through an annual census, questionnaire and serological survey [1] . Agriculture is the main livelihood activity and is mainly rain-fed [1] .
Data on agricultural practices from 1990-2009 within the GPC area were collected in 2009 from 200 randomly selected households, using questionnaires, as part of a study funded by the Food and Agriculture Organization (FAO), which focused on the impact of the HIV epidemic on agriculture-based livelihoods [24] . Data from the 200 households included age, sex, number of household members, land size, types of crops, livestock and poultry, as well as type and number of labourers used. This allowed examination of the proportion of households growing staple crops and of household consumption of foodstuffs [1] . In addition, qualitative data were gathered for a calendar year (2009-10), using in-depth interviews with the members of 22 households (household heads and nonhousehold heads) who were randomly selected from the sample of 200 households and spread throughout the 25 study villages. In addition to details of monthly agricultural activities, food consumption patterns were also investigated for the 22 households. In a separate investigation, three shops and a market in the largest trading centre in the study area were visited and the vendors questioned about the source of the products they sold.
Quantitative data were analysed using Microsoft Excel and Statistical Package for Social Science (SPSS) software. Basic descriptive statistics were conducted on sociodemographic and economic status of the households. Trends in annual crops, cropping patterns, land size, labour and household diets were examined. The qualitative data were analysed using both data led and theory led content analysis. A list of themes was developed and agreed by members of the research team before manual coding was undertaken, by four team members, who discussed their approach to coding as they went along to ensure consistency.
Ethical approval for the collection of data included in this paper was granted by the Science and Ethics Committee of the Uganda Virus Research Institute and overall clearance by the Uganda National Council for Science and Technology. All study participants provided written informed consent.
RESULTS
Of the 200 households, 60% were male headed and 40% female headed; mean age of respondents was 40 years. On average each household comprised of seven members connected by blood (primarily first degree relatives). From the household members who participated in the qualitative study, fewer than half attained post-primary education, primarily due to poverty, early marriage and teenage pregnancy. The main livelihood activities include crop cultivation, livestock and poultry keeping and small businesses (for example, the sale of food and handicrafts, such as mats and baskets) and service industries such as farm labouring and motorbike transport. The major crops grown include beans, coffee, Matooke (cooking bananas), maize, groundnuts, sweet potatoes and cassava (Figure 1) . Many of these crops are grown for both home consumption and cash generation. 
Patterns of cropping
By 2009, households' members were growing a variety of crops, but mainly Matooke (cooking bananas), coffee, beans, maize, sweet potatoes, cassava and groundnuts. Other crops such as Irish potatoes, sweet bananas, papaya, passion/jack fruit, mangoes, green vegetables and other varieties of bananas were also grown. However, crop mixes changed from time to time. Results from the in-depth interviews with 22 households showed that several factors influenced changes in the cropping patterns. These included food insecurity, the need to generate income, inclement weather, pest/disease vulnerability, price volatility, poor human health, decreases in land size, limited farm labour and capital.
Crop yields have been unpredictable from year to year in the area and were reported as being very low throughout 2009, relative to other years, as well as towards the end of 2010 and, as a result, many households were facing food shortages. Prolonged drought, pests and diseases were the principal causes of crop losses notably for coffee, beans, maize and sweet potatoes during that year (2009). Since agriculture is mainly rain-fed, any changes in weather conditions have had significant influence in cropping patterns in the area. Throughout 2009 and towards the end of 2010, the rains failed and many crops such as coffee, maize and beans failed. During this time, cassava, which is grown throughout the year and is relatively hardy, is a valued source of sustenance. Food, including maize flour, was also purchased from local trading centres and other farmers to make up the deficit that many households faced.
Due to unpredictable food prices especially during periods of scarcities, the need to diversify crop production was desirable. With adequate rain falling at the beginning of 2010, people became optimistic about the prospects of good yields so more effort was put into growing additional crop varieties of bananas, beans, maize, sweet potatoes and cassava. For example, some individuals started to grow new and improved varieties of bananas and beans; others expanded the area under cultivation. As yields were good in early 2010, these crops were sold to generate cash, in order to meet needs such as clothing, medical care and education; this was the practice during good harvest times. Some households were able to use the extra cash generated from crop sales to buy/rent more land and/or hire farm labour while others engaged in additional activities such as keeping livestock and poultry and operating small businesses. However, cash was also needed during poor harvest times for food purchase as well as other items. It was not uncommon to sell household produce to generate cash in periods of poor harvests. This can also occur when household members are faced with difficult situations such as sicknesses and death and are in need of cash to cover the incurred expenses. The obvious consequence of selling off their own produce is that some households have experienced food shortages long before the next harvesting season. This has meant buying food (processed and unprocessed) elsewhere to meet household food demands.
Availability of land has also influenced patterns of food production and subsequent food security in the area. Although land acquisition is mainly through inheritance, buying, renting, lending and borrowing are also common practices for many households. The quantitative analysis of data from 200 households showed that land size per household decreased from 4.9 acres in 1990 to 3.2 acres in 2009. Over this period, perhaps because of the decreasing land size and/or because of advice on agricultural practice, people increasingly practised intercropping and it became common to grow maize, beans, cassava, bananas and sweet potatoes in different combinations. In other cases, bananas, which had been grown on the same piece of land over a long period of time, were replaced with other crops because of reduced productivity, due either to declining soil fertility or pests and diseases [24] .
Other factors such as the availability of labour and the health status of household members have also influenced farming efforts. Key activities requiring labour include preparing fields, planting, weeding, harvesting, transporting and processing (for example, removing maize off the cobs). In the analysis of quantitative data, it was found that the majority of households used free labour mainly from family and friends. However, some households faced a labour shortage when a family member fell ill. Where paid labour was used, the average number of people hired was two. Paid labour was considered expensive especially during land preparation such as tilling and weeding. Beans, bananas, maize and coffee were considered labour intensive and only households which could afford labourers, or had family labour available, were able to grow such crops in significant quantities.
Household diet and food consumption patterns
In 2009/2010, household members' diet comprised mainly of Matooke, maize meal, beans, cassava, sweet potatoes, pumpkins, yams, groundnut, meat, fish, fruit and vegetables. Historically, green Matooke (which is eaten cooked) is the staple food and is the preferred source of daily energy intake for the majority of households. Most households prepare sauces made out of beans, groundnuts, meat or fish and which are eaten with Matooke and/or, increasingly, with maize meal/flour.
Household members fulfilled their food consumption needs through a combination of farm production, market purchases and donations from family and friends. Of the 22 households investigated in more detail, all respondents reported purchasing processed maize meal and other foods such as rice, Matooke, fruit or vegetables from the local markets. Over the last two decades accessing these foods has become easier as several trading centres have emerged. Currently, there are over ten trading centres in the study area and several shops operate in these centres and sell a variety of processed and unprocessed foods produced both locally and from outside the area. Processed and ready-made meals of Matooke, maize flour, groundnuts and beans are common in these trading centres' eating places and markets. When questioned, local vendors indicated that the beans, Matooke and some fresh fruits and vegetables that they sold, were purchased from local farmers, but that the maize flour (posho), pounded groundnuts, rice and millet, were purchased from retailers in more distant large towns (Masaka, Mbarara and Kampala) -the original source of the foodstuffs is unclear and the products could even be from outside of Uganda.
As noted above, in 2009 crop failures were widespread mainly due to prolonged drought and subsequently all the 22 households reported experiencing food shortages which extended into the beginning of 2010. All the 22 households reported buying food during the first months of 2010 as well as receiving food donations from friends and relatives. The harvesting season began at the beginning of April 2010 and a quarter of the 200 households reported starting to consume fresh vegetables, sweet potatoes and cassava harvested from their own farms, while the rest continued to buy foods, mainly processed maize and rice from the local shops. Table  1 shows monthly food consumption patterns throughout 2010 within the 22 households.
Consumption of processed maize meal was found to be common, especially at the beginning of 2010 when home-grown food was scarce. From May 2010, most households were harvesting a variety of crops including bananas, beans, sweet potatoes, cassava, pumpkins and vegetables. Yields for these crops were good and three quarters of the households reported eating a diverse diet (more than four different types of staple food) until July. Freshly harvested foods such as Matooke, green maize, fresh beans and vegetables were popular in household diets. Extra foods, particularly beans and maize kernels, not consumed by the family, were dried and stored for later consumption, sale or planting.
In August 2010, household members' diets were less diverse because the harvesting period was over and access to fresh foods derived from their own farms became limited. Land clearance and preparation for planting in the new season was a common activity. More than half of the participants reported eating Matooke, dried beans and maize meal, but not all were harvested from their own farms. Most people bought processed maize meal from the markets and some ate rice which was bought from local shops. In September and October, people were still eating Matooke, sweet potatoes, cassava, dried beans and maize meal. Most indicated that they were still obtaining Matooke from their own farms, others purchased from the local markets. Some individuals sold a part of their food harvests to raise money for the purchase of other foods, clothing, house construction, medical and school fees. Beans were commonly sold, although coffee is the most popular crop for generating income in the area. Food sales subsequently led to shortages as some households ran out of food before the following harvesting season. During dry weather conditions when food is scarce, many households opted to purchase foods, both locally, or from further afield. Notably, buying Matooke, beans and maize meal became common. Some individuals exchanged food for labour mainly by working on other people's farms. When asked whether their households were food secure, nearly all the respondents said "No". Prices of major crops such as Matooke increased leading some households to go for relatively cheaper and more affordable foods such as cassava and wild green vegetables (found in the areas around their cultivated land), for example: "I had left some few dry beans and now they are over, groundnuts are over; we have been taking silver fish [a small dried fish -Rastreneobola argentea] and dodo [a type of spinach]. By this time I would be eating fresh beans but the beans are affected." (Household No. 7, November 2010).
Besides bad weather, other factors that caused food shortages and subsequent changes in household diets were general poverty and lack of cash to buy food, unproductive land for farming and lack of farm labour. Some households indicated that the land they cultivated was unproductive and that they lacked money to buy farm inputs such as fertilizers, in the hope that they would improve the chance of a good harvest.
DISCUSSION
The findings on agricultural production and food consumption patterns highlight the complex background to the nature of risks of exposure to aflatoxin in poor rural settings where determinants of exposure and contamination are intricately linked to livelihood dynamics and influenced by factors such as food security and land tenure. There is evidence from research that many households in the study area in rural Uganda are increasingly growing cereals, legumes and tubers such as maize, beans, cassava, sweet potatoes and groundnuts [25] . Examples from other settings have shown that crops such as maize and groundnuts are prone to severe infestations by aflatoxin-producing fungi, leading to contamination and compromising food quality [6, 8, 20, [26] [27] [28] [29] [30] [31] [32] [33] [34] .
Many rural economies are changing from subsistence to increased cash cropping and as this study has shown, it is common practice to sell crops such as maize, beans and Matooke to generate income to improve livelihoods. However, this behaviour can reduce food availability per capita consumption if individuals sell food which was produced and meant for members of the household. Buying food is a common coping strategy during scarcities and as one moves farther along the supply chain from the source of food production, the likelihood of purchasing foods which may have been contaminated with aflatoxin increases, due to inadequate storage and improper handling. Mutegi and colleagues [9] , for example, found that many of the storage facilities in market outlets in Western Kenya were dusty and poorly ventilated and that groundnuts were packed in plastic materials which were likely to encourage aflatoxin contamination.
Aflatoxin contamination is common in processed foods such as ground maize (maize meal), peanut butter or sauce, cassava as well as dried vegetables and spices [8, 30, 35, 32, 34, 35, 37] . Households around the numerous trading centres in the study area are at risk of aflatoxin exposure because they can now more easily access processed foods such as maize, millet, sorghum, cassava and groundnut flour. Asiki and colleagues [1] found that individuals who lived closest to trading centres were at higher risks of exposure to aflatoxin, including babies who were weaned on processed millet, sorghum and soya, which were not grown locally.
In a previous randomised trial, Turner and colleagues [12] demonstrated a 50% reduction in aflatoxin levels within people in the intervention arm of the study. It was conducted in 20 villages in rural Guinea in which subsistence farms in ten were subjected to a low-technology approach to reduce post-harvest contamination of ground nuts with aflatoxin. The intervention included education on hand sorting of groundnuts, drying procedures, provision of natural fibre bags and pallets for storage and use of insecticide. However, this study highlights that the factors that determine risk of aflatoxin exposure in rural Uganda are more complex and multifaceted in nature than in the setting of the Guinea study. For example, the problems associated with designing an intervention to improve storage conditions for multiple crop types (rather than just ground nuts), thereby reducing aflatoxin exposure, are manifest. Indeed, the ability to assess the success or failure of such an intervention in rural populations may be compromised by the complexities of food supply with people consuming their own crops as well as external sources of food. Reductions in aflatoxin levels within locally produced food may not correlate with reductions in levels detected in people. As the findings presented in this paper show, people do not rely just on the food they grow, but also purchase food from external sources or are given supplies by neighbours and relatives when they are short. Conversely, they sell food for export to other areas. If the primary source of aflatoxin in a community is from those stored food products imported into the area, then the impact of local interventions may be limited. Indeed, the complexity of agricultural livelihoods and patterns of household food consumption in rural Uganda may mitigate the impact of simple, local interventions to reduce aflatoxin exposure. Perhaps, therefore, widespread efforts to reduce aflatoxin contamination of foodstuffs (using simple post-harvest measures highlighted above) will need to be made.
CONCLUSION
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